The structure including the absolute configuration of a new glucoalkaloid, 3,4-dehydro-5(S)-5-carboxystrictosidine, isolated from Peruvian Uña de Gato (Cat's Claw, original plant: Uncaria tomentosa), was confirmed by synthesis starting from secologanin and L-tryptophan.
In continuation of our study on the chemical constituents of Uncaria plants (Rubiaceae), a new alkaloid, 3,4-dehydro-5(S)-5-carboxystrictosidine (1), was isolated from Peruvian Uña de Gato (Cat's Claw, original plant: Uncaria tomentosa) together with 5(S)-5-carboxystrictosidine (2) which is a main alkaloid of this herbal medicine. 1) Compound 1 was the first example of isolation from nature of a monoterpenoid glucoindole alkaloid having a 3,4-dihydro-b-carboline ring system. Its structure except for the absolute configuration was deduced from the spectroscopic analysis to be a 3,4-dehydro compound of 5(S)-5-carboxystrictosidine (2) , which consists of secologanin (3) and L-tryptophan (4). This paper reports the synthesis of 1 from secologanin (3) and L-tryptophan (4) and determination of the structure of 1 including the absolute configuration.
In order to determine the absolute configuration of the secologanin part involving a sugar in 1, acid hydrolysis of natural 1 was performed. Treatment of natural 1 with aqueous HCl in dioxane gave D-(ϩ)-glucose, which was identified by HPLC analysis, revealing that the absolute configuration of the secologanin part in 1 was the same as that of common monoterpenoid indole alkaloids possessing a D-(ϩ)-glucose. Although the absolute configuration at the C-5 position of 1 could not be clarified from the spectroscopic data, it was deduced to be S from the biosynthetic point of view that L-tryptophan (4) would be a biogenetic precursor.
To establish the structure of 1 including the absolute configuration, we planned synthesis of 1. Some attempts at dehydrogenation between C-3 and N-4 in 2 were unsuccessful. Therefore, we adopted a synthesis of 1 from secologanin (3) and L-tryptophan (4). Acetylation of the hydroxy group in secologanin (3) followed by Jones oxidation of the aldehyde to carboxylic acid gave a known secoxyloganin tetraacetate (5).
2) First, L-tryptophan methyl ester (6) was used for the coupling with 5. C-NMR spectra, respectively. The C ring of 8 was constructed by the Bishler-Napieralski reaction of 7 using POCl 3 in benzene to give two separable C-5 epimers of 3,4-dihydro-b-carboline derivative (8a, b). However, each compound, whose configuration at C-5 could not be determined, easily changed to a mixture of 8a and b.
Next L-tryptophan (4) itself was used as the starting material in place of L-tryptophan methyl ester (6) in order to avoid epimerization at the C-5 position after C-ring formation. Coupling of 5 with 4 was carried out by treatment with EDCI and HOBT in dry N,N-dimethylformamide (DMF) to afford amide (9) in 87% yield. The 1 H-and 13 C-NMR spectra showed the existence of an amide group (the amide N-H proton at d 6.75 and the amide carbonyl carbon at d 171.8). Next, the amide (9) was treated with dicyclohexylcarbodiimide (DCC) in dry CH 2 Cl 2 and then with trifluoroacetic acid 3) to give 3,4-dihydro-b-carboline derivative (10) exhibiting the UV absorptions at 356, 230 nm, which were almost the same as those of natural 1. Finally, deacetylation of 10 by NaOMe gave 3,4-dehydro-5(S)-5-carboxystrictosidine (1) . Under the reaction conditions employed above (cyclization and deacetylation), epimerization at the C-5 position was not observed. As the spectroscopic data of the synthetic compound 1 (UV, 1 H-and 13 C-NMR, and MS) were identical with those of natural 1, the structure and the absolute configuration of 1 were unambiguously determined.
In conclusion, the structure of 3,4-dehydro-5(S)-5-carboxystrictosidine (1), which was isolated from Peruvian Uña de Gato, including the absolute configuration was established by the synthesis from secologanin (3) and L-tryptophan (4) through a Bishler-Napieralski reaction. Preparation of Amide (7) from Secoxyloganin Tetraacetate (5) and LTryptophan Methyl Ester (6) To a solution of secoxyloganin tetraacetate (5, 104.3 mg, 0.182 mmol) in dry CH 2 Cl 2 (3.0 ml) were added EDCI (41.9 mg, 0.219 mmol) and HOBT (33.5 mg, 0.219 mmol) at 0°C and the mixture was stirred at room temperature for 15 min under Ar. After addition of Ltryptophan methyl ester (6, 47.7 mg, 0.219 mmol), the mixture was stirred at the same temperature for an additional 2 h. Cold 1% HCl aq. was added to the reaction mixture and the whole was extracted with CHCl 3 . The organic layer was washed with saturated NaHCO 3 aq. and then brine, dried over MgSO 4 and evaporated. The residue was purified by MPLC (SiO 2 , 1% MeOH-CHCl 3 ) to afford amide (7, 113.2 mg, yield 81% Bishler-Napieralski Reaction of 7 To a solution of amide (7, 10.0 mg, 0.013 mmol) in dry benzene (0.5 ml) was added POCl 3 (12.1 ml, 0.130 mmol) and the mixture was refluxed for 2 h under Ar. Cold saturated NaHCO 3 aq. was added to the reaction mixture and the whole was extracted with CHCl 3 . The organic layer was washed with brine, dried over MgSO 4 and evaporated. The residue was purified by MPLC (SiO 2 , AcOEt-nhexane-CHCl 3 ϭ2 : 1 : 1) to give 3,4-dihydro-b-carboline derivatives (8a, 4.3 mg, yield 45% and 8b, 2.6 mg, yield 27%).
8a: Amorphous.
[a] D 25 Ϫ68.8°(cϭ0.117, CHCl 3 ). UV l max (EtOH) nm: 318, 235 (By addition of diluted aqueous HCl solution to the EtOH solution of 8a, the UV absorption shifted to 363 nm which was almost the same wavelength as that of natural 1. These observations suggested that isolated 1 existed as a zwitter ionic form in the solution. 3) ). IR (CHCl 3 Preparation of 3,4-Dihydro-b b-carboline Derivative (10) from 9 To a solution of amide (9, 24.0 mg, 0.317 mmol) in dry CH 2 Cl 2 (0.5 ml) was added a dry CH 2 Cl 2 (0.5 ml) solution of DCC (7.8 mg, 0.380 mmol) and the mixture was stirred at room temperature for 3.5 h under Ar. TFA (1.0 ml) was added to the reaction mixture and the mixture was stirred at the same temperature for overnight under Ar. After concentration of the solvent under reduced pressure, the residue was purified by MPLC (SiO 2 , 10% MeOHCHCl 3 ) to give 3,4-dihydro-b-carboline derivative (10, 5.8 mg, yield 25%). 
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